Summary.-A slowly growing solid sarcoma was implanted subcutaneously on the anterior chest wall of mice. On reaching a predetermined size the tumours were locally irradiated using 240 kV x-rays with single doses of 0, 2000 or 5000 rad. The mice were sacrificed 12 weeks after irradiation and examined for lung metastases, which were found to be less frequent in those mice whose implanted tumours had received the most irradiation.
subcutaneously with the lymphosarcoma " P " developed metastases in certain lymph nodes which were larger if the implanted tumour had been irradiated with single doses of x-rays than if left unirradiated (Sheldon and Fowler, 1973) . A similar observation, although with differences in detail, had been made using the lymphosarcoma " P-388 " in rats, where a dose dependent correlation was found between the irradiation of the implanted tumours and the subsequent development of metastases (Van den Brenk and Sharpington, 1971) .
Following the irradiation of a transplanted melanoma in CDBA mice, the distribution of number of lung metastases per mouse has been shown to be broadened (Olch, Eck and Smith, 1959) . It has also been reported that non-curative x irradiation to mammary carcinomata implanted into the hind leg of C57 mice resulted in an increased incidence of lung metastases (Kaplan and Murphy, 1949; von Essen and Kaplan, 1952) . However, that conclusion may be open to question for the tumours were not infrequently 4 5-5*0 cm in diameter at time of sacrifice in the unirradiated control mice, a tumour volume so large that it may well have caused a constitutional stress which was not so severe in the irradiated mice. Furthermore, experiments using mammary carcinomata in C3H mice at our own laboratories (Howes and Page, unpublished; Sheldon et al., 1974) and elsewhere (Howes and Suit, unpublished) have failed to produce conclusive evidence that irradiation enhances the subsequent metastatic development.
The present work was undertaken to investigate the effect that irradiation of a solid sarcoma had on the subsequent development of metastases. The tumour used had an extremely slow growth rate and was still relatively small in size at the time of sacrifice, even if left untreated.
MATERIALS AND METHODS
The investigation was carried out in 2 parts: an initial experiment (Experiment 1) and a subsequent confirmation experiment (Experiment 11). The tumour, the anaplastic polymorphic cell sarcoma " K ", arose spontaneously in the kidney of a C3H/He mouse. It has a volume doubling time of 30 days from 6 to 7-5 mm mean diameter and readily metastasizes to the lungs.
Ej'xperiment I
A tumour from the first passage was cut up into 1 mm cubes. Each cube was implanted subcutaneously oIn the anterior chest wAall of a 3-month old male syngeneic C3H/He mouse bred at the Gray Laboratory. The implanted tumours wNere measured wAeekly using calipers and the geometric mean diameter calculated. When the tumours reached 6 = 0 5 mm (47-91 days after implantation) the mice were paired, one receiving a single dose of 2000 rad locally to the implanted tumour while the other was sham irradiated. Both members of a pair were subsequently sacrificed at the same time.
Mice wAere anaesthetized for both implantation and irradiation with 60 mg/kg pent,obarbitone sodium and revived with 0 5 mg/mouse of bemegride. The x irradiations w%ere performed at 240 kV and 15 mA using a 4 mm Cu + 1 mm Al filter to give a h.v.l. of 1-3 mm Cu. The irradiations w%ere performed as described by Howes (1969) except that the system was modified to enable 4 mice to be irradiated simultaneously at a dose rate of 240 rad min-'. The dose to t,he centre of the thorax from side scattered radiation w%as 22 rad for each krad to the tumour. The parameters studied were: (1) the growth rate from caliper measurement of the implanted tumour; (2) the incidence of metastases at time of sacrifice, w-hich was 12 weeks after irradiation (this time point was determined from pilot work which The total number of lung nodules per group an(l per lobe of lung is shown in Fig. 2 . The larger the dose of irradiation received by the implanted tumouir, the lower the number of metastatic nodules present after 12 weeks. Figure 3 shows the nmean number of nodules per lobe, whiclh was significantly less in the irr adiated mice than the unirradiated mice, although the relative distribution between the lobes was not altered.
DISCUSSION
Many types of experimental tumour, when implanted into experimental animals, will grow rapidly and, unless treated, will kill the animals before metastases have had time to become macroscopic. Such tumours cannot be used to investigate metastases. Lymphosarcomata, which often form metastases rapidly, overcome this experimental problem and hence have been studied by both AVan den Brenk and the present author with results suggesting that local irradiation of this type of implanted tumour could enhance the development of distant metastases. However, the tumour in the present work, a solid sarcoma, has an exceptionally slow growth rate and does not rapidly cause death even when not treated. Metastases therefore have more time in which to express themselves. Following irradiation of this tumour, the total number of discrete nodules in the lungs was less than in mice whose tumours had not been irradiated (Fig. 2) .
Assuming a lung nodule of 1 mm contains 106 cells, 20 doublings would be required to achieve this nuimber from a single cell. If the cell had been seeded at the time of implantation, then, even in the case of the slowest growing tumour which took 91 days to reach irradiation size and was then kept a further 84 days, a mean volume doubling time (TD) Of 9 days would have been necessary. However, the TD from 6 to 7-5 mm mean diameter was measured at 30 days, which suggests that the growth rate could not have been uniform throughout the timour's history, which is evident even at macroscopic sizes (Fig. 1) . Furthermore, it has been shown previously that the site at which a tumour grows can affect its growth rate (Sheldon and Fowler, 1973) From the 2000 and 5000 rad delivered to the implanted tumour, scattered doses of 44 and 1 10 rad respectively were received by the lungs. These scattered doses would be unlikely to have caused the death of a large proportion of the already seeded tumour cells such that the total number of metastases would be reduced to 042 and 022 of the control, as observed in Experiment II. Further-more, there was no difference in the relative distribution of nodules between the lobes due to irradiation, which can be seen in both Fig. 2 (total number per lobe) and Fig. 3 (mean number per lobe) . It can also be seen from these figures that the number of nodules per lobe was dependent on the size of the lobe and that there was a dose dependent reduction in number of metastases, with most metastases occurring in the unirradiated mice. This was true whether or not mice which did not develop visible metastases were excluded from the analysis.
Thus, whereas the findings of Sheldon and Fowler (1973) and Van den Brenk and Sharpington (1971) using lymphosarcomata were that the irradiation of an implanted tumour resulted in an apparent enhancement of subsequent metastatic development, in the present work using a solid sarcoma, no such enhancement was found. Indeed, metastatic development had apparently been reduced following irradiation.
